SUMMARY 



CCD photometry in the V band is presented for 7 field RR Lyrae stars selected 
from a sample of eight variables which, according to data collected in the litera- 
ture, are expected to be afr-type pulsators, to have short periods and hence high 
metallicity, and to be located at high z from the galactic plane. New periods 
and epochs are derived for them. The new periods are only slightly shorter than 
the values published on the last edition of the General Catalog of Variable Stars 
(GCVS4). Instead, in six cases our amplitude of the light variation is significantly 
smaller than that published on the GCVS4, and in at least three cases the actual 
pulsation appears to be in the first harmonic rather than in the fundamental mode. 
All the suggested c-type pulsators show variations in the amplitude and/or quite 
scattered light curves. Possible explanations are given. 

From a spectro-photometric analysis of the sample, only DL Com is confirmed 
to pulsate in the fundamental mode, to have short period, and to be located at 
relatively high z. A single object cannot be taken as evidence for a significant 
metal rich population at large distance from the galactic plane. 
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I. INTRODUCTION 



RR Lyrae stars have early been recognized as very good tools to study the structure 
and the evolution of the Galaxy. Their pulsational properties, combined with 
their almost constant absolute magnitude, allow one to use them as tracers of the 
different stellar populations evolving in different galactic regions. It is well known, 
for instance, that the period distributions of field RR Lyrae variables depend on 
their galactic location (Preston 1959, Lay den 1993). In particular, halo RR Lyraes 
of Bailey type ab show a peaked period-frequency distribution which is a mixture 
of those derived from variables located in Oostheroff I and II globular clusters, 
bulge RR Lyraes show the typical asymmetric histogram of Oosterhoff I clusters 
with no fundamental pulsators with period shorter than P=0.45 d , and disc RR 
Lyraes show instead a quite disperse distribution with many short period pulsators 
in the fundamental mode (Castellani et al. 1981). These different behaviours 
can be interpreted in terms of different stellar initial metallicity, since several 
authors (e.g. Lub 1977) have suggested an anticorrelation between period and 
metallicity in a6-type RR Lyraes. Such anticorrelation has been questioned by 
some other authors (Layden 1993 and references therein) because of the difficulty 
in reconciling a period-metallicity relation with the observed distribution of the 
parent non variable stars. Despite the large dispersion of the observational data, 
however, the dependence of the period on [Fe/H] is apparent also in their own 
data (see e.g. Layden's fig. 6. 4). 

From a sample of 273 field RR Lyrae stars of Bailey type ab selected from the 
tape version of the third supplement to the third edition of the General Catalogue 
of Variable Stars (Kukarkin et al. 1976, hereinafter GCVSt) with the requirement 
of having galactic latitude |b|> ±45°, Castellani et al. (1983, hereinafter CMT) 
found that the minimum periods of RRa6 increases with increasing height z on the 
galactic plane following the relation AlogP m i n / A\z\ = 0.004 dex kpc -1 . Assuming 
Lub's (1977) anticorrelation between period and metallicity, they suggested that 
the period increase with height on the galactic plane corresponds to a metallicity 
gradient A [Fe/H] / A | z \ = —0.02 dex kpc -1 . Both period and metallicity gradients 
with z are rather uncertain due to the large errors affecting the data, but there 
is no doubt (see also Layden 1993) that short period and metal rich variables are 
concentrated within less than 1 kpc from the galactic plane, whereas long period 
and metal poor variables have no apparent concentration and reach quite large z. 

However, CMT found a few variables deviating from the overall ^-period 
distribution, since they showed periods quite shorter than all the others at z up 
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to almost 10 kpc. If confirmed, short periods at large heights on the plane would 
imply that metal rich stars can reach large distances from the thin disc and that the 
thick disc is several kpc wide. On the other hand, apart from RS Boo for which 
accurate B,V,K light curves have been published by Jones et al. (1988), these 
anomalous pulsators have generally very poor photographic light curves (see for 
instance Kurochkin 1961, Meinunger & Wenzel 1968) and therefore their periods 
and magnitudes (i.e. distances) are quite uncertain. 

In order to examine in more detail these deviating stars (namely: RS Bootis, 
AT Comae, BE Comae, BS Comae, CU Comae, CY Comae, DL Comae and CM 
Leonis) , and the related question of metal rich objects at large distances from the 
galactic plane, we have observed them for several years, deriving accurate V light 
curves and periods from the photometric data. To obtain also direct estimates of 
their metallicities we have taken some spectra at minimum light and applied the 
method described by Clementini et al. (1991) to infer [Fe/H] from the equivalent 
width of the calcium K-line. 

The data acquisition and reduction are described in the next section. The de- 
rived features of each variable are described in Section 3 and the overall conclusions 
are discussed and summarized in Section 4. 

2. THE DATA 

2.1 Data Acquisition 

All the observations have been carried out at the 1.52 m telescope in Loiano 
operated by the Bologna Observatory and equipped with an RCA CCD with 4.3' x 
2.7' field of view and a 0.5 arcsec pixel scale, or with the BFOSC system. 

BFOSC (Bologna Faint Object Spectrograph & Camera) is a focal reducer- 
type spectrograph/camera similar in concept to ESO's EFOSC 1 and 2. The 
instrument offers the possibility to switch from direct imaging to spectroscopy in 
less than one minute. The detector presently installed on BFOSC is a Thomson 
lkxlk CCD giving a field of view of 9.6' x 9.6'. The pixel scale is 0.56 arcsec. 

Finding charts for the variables observed with CCDs are shown in Fig.l, 
where the variable stars are marked by dashes, and the comparison stars by their 
identification names (see Table 2). Each chart shows a region of the sky of 10' x 10'. 
Since the purpose of our photometric observations was to obtain accurate light 
curves to improve periods, epochs and mean apparent visual magnitudes (and 
hence distances) of the program stars, in general we only took V exposures of our 
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targets. The variables are all located toward the North Galactic Pole, therefore 
they are observable from late January through early June. Photometric data have 
been acquired in the Johnson's V band during 48 nights from early 1989 through 
mid 1994, with no observations in 1991 for a telescope breakdown. The number 
of CCD images taken for each star ranges between a minimum of 68 for BE Com 
and a maximum of 177 for CY Com. A few R and I exposures were also obtained 
for one of our objects, namely CU Com. In Table 1 we summarize coordinates 
(Columns 2 and 3), number of observations (Column 4), and observed time interval 
(Column 5), for each variable. 

UBVRI observations of RS Boo were obtained at the same telescope but with a 
photoelectric photometer and will be analysed elsewhere (Clementini et al. 1995). 

To guarantee a reliable differential measure of the magnitude variability of 
our RR Lyrae stars, each CCD field includes at least a couple of other (hopefully 
stable) stars with magnitude comparable to that of the variable. Coordinates 
and derived V magnitudes of the primary comparison stars are listed in Table 2. 
Column 2 gives the number of the star according to the Hubble Space Telescope 
Guide Star Catalogue (GSC). The first four digits identify the GSC region which 
contains the star and the last four digits identify the star within the region. 

To calibrate our photometry 18 primary standard stars taken from Landolt 
(1982, 1993) and covering a wide range of B— V colours have been observed with 
the Johnson's V filter at various air masses and in several photometric nights. The 
photoelectric V magnitudes and B— V colours of the observed calibrators are listed 
in Table 3. 

Spectra have been taken for our candidate RRab variables (except RS Bootis 
which was already available) in the spring 1994 when the light curves, and therefore 
the epochs of minimum light, were already well defined. As a further test, direct 
images of the objects were taken just before and after the spectrum exposure to 
check the exact location of the spectral observation in the light curve. However, 
only BS Com turned out to be bright enough to allow a sufficient measure of the 
equivalent width of the calcium K-line with the 1.52 m telescope and the presently 
available instrumental configuration, and with exposure times short enough (< 45 
min) to remain in the range of minimum light phases. 

2.2 Data Reduction 

All the data have been reduced in the IRAF 1 environment, including debiassing 
1 IRAF is distributed by National Optical Astronomy Observatories, operated 
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and flat fielding. On each CCD frame, we have measured the instrumental mag- 
nitude of the variable stars and of at least two comparison stars in order to derive 
the light curve of each variable in terms of differential magnitudes, and sensibly 
reduce the uncertainty on our results due to the atmospheric and local conditions. 
Only the field around AT Com does not contain more than one reliable comparison 
star. Thanks to the isolated location of our targets, the instrumental magnitudes 
of all our images have been derived by direct photon counting with aperture pho- 
tometry, taking into account the image profiles by means of APPHOT. Images 
on the same CCD frame have all been treated with the same aperture radius to 
guarantee the consistency of the magnitude derived for the variable star with those 
of the comparison stars. 

The standard calibrating stars have been measured exactly in the same way. 
Extinction coefficients for the photometric nights were derived from observations 
at various air masses of both the standard stars and the comparison stars of 
the program variables. The derived V atmospheric extinction ranges between 
0.29 and 0.47 mag, in good agreement with other photoelectric determinations 
of the seasonal mean extinction of the site. The conversion of our instrumental 
magnitudes v to the Johnson standard system is given by: 
V = 0.995v - 7.772 (a) and V = 0.971v - 4.956 (b), 

for the RCA and BFOSC instrumental magnitudes respectively. Calibration (a) 
is shown in Fig. 2. 

Since our photometry has been obtained with two different CCDs and in- 
strumental set-ups, we have carefully checked the consistency of the calibrations 
resulting for the same stars with the two systems. No appreciable difference has 
been found between the two calibrations and between different calibration nights. 
In fact, except for AT Com, the magnitudes attributed to the various compari- 
son stars by the different calibrating systems and/or in different observing nights, 
agree with each other within ± 0.03 mag. This can be considered the uncertainty 
in the zero point of our photometry. 

As a further check of the quality of our photometry and to verify the constancy 
of the comparison stars, their magnitudes have been monitored through all the 
years of observations and turned out to be stable within ±0.03 mag. There is 
some suspect that the comparison star of AT Com might be an intrinsic variable, 
and therefore its magnitude has been marked by a colon in Table 2. Unfortunately, 

by the Association of Universities for Research in Astronomy Inc. under contract 
with the National Science Foundation. 
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we cannot verify our hypothesis, since no other bright enough comparison star falls 
in the CCD field of AT Com. 

3. RESULTS 

The light curves resulting from our observations contain an average of 100 points 
each, covering a significant length of time (up to five years) and are shown in 
the top panels of Fig. 3. In the corresponding bottom panels we have plotted 
the residuals around the mean magnitude difference between the two brighter 
comparison stars of each variable. Their fair constancy shows that the chosen 
comparison stars are indeed non variable. No residuals are shown for AT Com 
since only one comparison star falls within our observational field of view. The 
rms scatter in this difference is ±0.02 mag for all stars except the comparison stars 
of DL Com, which show larger residuals up to 0.06 mag, because they are quite 
fainter than all the other objects and their photometry is undoubtedly poorer. It is 
interesting to note that in general the spread in the light curve is smaller than that 
in the corresponding residuals of the bottom panel. This is due to the fact that 
the variable is always the brightest star in the CCD frame (except in the case of 
BE Com) and its magnitude is thus measured with higher precision. Particularly 
striking is the case of DL Com whose light curve is very tight, despite the fact 
that the residuals of its comparison stars are the worst of the whole sample. 

New periods for the program stars were determined using only our photomet- 
ric data, by means of a period search program facility available at the Bologna 
Observatory, which performs a least-square estimate of frequency following the 
prescriptions given by Bloomfield (1976). The new periods are listed in Column 4 
of Table 4. Their accuracy is ± one unit in the last digit of the listed values. Also 
shown in Table 4 are the new epochs of maximum light (Column 3), the amplitude 
of the light variation (Column 5), and the calibrated V magnitudes at maximum 
light (Column 6), derived from the present photometry. In the cases of uncertain 
maximum and/or minimum (BE Com, BS Com, CU Com, CM Leo), the quoted 
amplitudes correspond to the largest observed variation. Values of the correspond- 
ing quantities given by the GCVS4 are listed in Columns 7,8, and 9, for ease of 
comparison. To this purpose we note that the GCVS4 amplitude and magnitude 
at maximum light of CM Leo, CU, CY, DL, AT and BE Com are from light curves 
in the B filter, while for BS Com and RS Boo they are from photographic and V 
photoelectric data, respectively. Table 4 shows that the new periods are generally 
in agreement with the values published on the GCVS4 (where some of the peri- 
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ods reported in the previous editions of the Catalogue have been corrected). Our 
values are usually shorter, which is not surprising since some of these objects may 
have changing periods (see also remarks on the GCVS4). However, the differences 
do not exceed 0.00025 days, with the exception of CU Com and BS Com for which 
our periods are about 0.010 and 0.005 days shorter than the GCVS4 ones. 

A significant discrepancy is found, instead, in the derived amplitudes of all 
the objects except CU Com and RS Boo. In fact, even allowing for the larger 
amplitude of the B light curve of an RR Lyrae with respect to its V light curve, 
our amplitudes are significantly smaller than those published on the GCVS4. In 
some cases even the pulsation mode must be changed from fundamental to first 
harmonic. In fact, while all the stars in Table 4 are classified as Bailey-type ab 
by the GCVS4, we have found that 3 of them look like c-type pulsators, and that 
even for BE Com, whose photometric data are more noisy, shape and amplitude 
of the light curve indicate that the star is more likely to pulsate in the first har- 
monic than in the fundamental mode. Most of the photographic light curves from 
which amplitudes and Bailey-types published on the GCVS4 were derived have 
rather poor photometric accuracy. In particular, the photographic light curves 
of Kurochkin (1961) and Meinunger & Wenzel (1968) are very scattered, which 
makes it extremely difficult to distinguish between fundamental and first harmonic 
pulsation mode, while the classification based on the amplitude of the light curve 
could also be misleading if zero point errors exist in the calibration of the plates. 
This effect could explain the very large discrepancy between our amplitudes and 
those by Meinunger & Wenzel (1968) in particular for CM Leo and AT Com (see 
Sections 3.1, 3.5). We will discuss these issues more in detail in Section 4. 

The photometric data of the program stars are presented in Table 5 and are 
also available from the first author by electronic mail. For each observation we 
list Heliocentric Julian Day (HJD; Column 1), phase at mid exposure (Column 2), 
and calibrated V magnitudes (Column 3). Phases in Table 5 have been calculated 
according to the ephemerides given in Table 4. 

3.1 CM Leonis 

The light curve is shown in Fig. 3a and contains 71 points observed in 9 different 
nights from February 19 1994 through May 21 1994. The best resulting period 
is 0.361479 d and the amplitude is 0.49 mag. Both the small amplitude and the 
symmetric shape of the light curve suggest that CM Leo is a c-type RR Lyrae, 
but the curve looks as resulting from the superposition of two well separated 
subcurves with ~ 0.1 mag amplitude difference. The m pg light curve of this star 
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was published by Meinunger & Wenzel (1968): their data are very scattered and 
the amplitude is 1.1 mag instead of our 0.49 mag. 

3.2 CU Comae 

The light curve is shown in Fig. 3b and contains 118 points observed in 7 different 
nights from January 31 1989 through April 29 1994. The best resulting period is 
0.405749 d and the maximum amplitude is 0.58 mag, thus indicating that CU Com 
is probably a c-type variable. The region around maximum light appears splitted 
in two different branches with amplitude difference of about 0.15 mag. The m pg 
light curve of Meinunger & Wenzel (1968) for CU Com is very poor, and has an 
amplitude of 0.5 mag which makes it difficult to understand why this star was 
classified as a6-type. We have a few I and R frames (9 and 6, respectively) of this 
object covering the phase region : 0.47 -j- 0.84, i.e. from just before minimum 
light to about 2/3 of the rising branch of the light curve. The corresponding 
uncalibrated V— R and V— I colour curves have amplitudes and shapes compatible 
with CU Com being a c-type RR Lyrae. 

3.3 CY Comae 

The light curve is shown in Fig. 3c and contains 177 points observed in 16 different 
nights from March 13 1989 through April 28 1994. The best resulting period is 
0.757880 d , in perfect agreement with the GCVS4 value, and the amplitude is 0.70 
mag. It must be noted that this star was originally included in our sample since 
the GCVSt gave for it a much shorter period, P=0.4311 d . Despite the faintness of 
CY Com, the light curve is tight and well defined, showing the typical asymmetry 
of an a6-type RR Lyrae. CCD photometry in the V and R bands has recently been 
obtained for CY Com by Schmidt (1991) and Schmidt & Reiswig (1993). Their 
light curves contain 27 data points, shown in Figure 2 of Schmidt & Reiswig (1993). 
Their derived amplitude of the visual light variation is Ay=0.71 mag and the 
intensity mean magnitude is < V >=14.61. These values compare extremely well 
with our values of 0.70 and 14.62 mag, respectively. The V magnitude at minimum 
light read from Figure 2 of Schmidt & Reiswig (1993) is V min ~ 14.92 - 14.93 mag 
and is in good agreement with our value of 14.95 mag. Schmidt's (1991) time of 
maximum light for CY Com is instead rather approximate, mainly because that 
phase is not sufficiently well covered in his observations. 

3.4 DL Comae 

The light curve is shown in Fig. 3d and contains 94 points observed in 14 different 
nights from February 19 1994 through June 18 1994. The best resulting period, 
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0.4320590, is slightly shorter than that given by the GCVS4 where, however, it 
is specifically remarked as possibly varying. The light curve has an amplitude 
of 1.26 mag and the typical asymmetric shape of an afr-type RR Lyrae. The 
photographic light curve of DL Com was published by Kurochkin & Pochinok 
(1974) and has an amplitude of ~ 1.5 mag. Taking into account the scatter and 
the different photometric band of their data, the two amplitudes are consistent 
with each other, thus suggesting that the amplitude of 2.0 mag quoted on the 
GCVS4 is wrong. 

The agreement found for this star, as well as between our data and those of Smith 
& Reiswig (1993) for CY Com, points out that there may be problems in the data 
of Meinunger & Wenzel (1968) also for the other stars. 

3.5 AT Comae 

The light curve is shown in Fig.3e and contains 105 points observed in 7 different 
nights from February 22 1992 through April 30 1994. The best resulting period is 
0.3444676 d and the amplitude is 0.62 mag. The latter value, combined with the 
shape of the light curve, suggests that AT Com is more probably pulsating in the 
first harmonic than in the fundamental mode. The scatter at minimum light sug- 
gests that the star may suffer from Blazhko effect. However, we should also recall 
that we have no check on the stability of our photometry of this variable, due to 
the presence of only one measurable comparison star in its CCD field. Therefore, 
we cannot completely exclude that the dispersion in the region of minimum light 
might be due either to photometric spread or to an intrinsic variation of the com- 
parison star. The photographic light curve of this star was published by Meinunger 
& Wenzel (1968). While the shapes of the two curves are in good agreement, the 
amplitude derived from these previous data is about 1.0 mag larger than ours. 

3.6 BE Comae 

The light curve is shown in Fig.3f and contains 68 points observed from May 5 
1989 through June 5 1994. The best resulting period is 0.414209 d . The curve is 
very symmetric and, since the amplitude is 0.58 mag, BE Com is most probably 
a c-type RR Lyrae. The spread around all the light curve may be due to the 
faintness of the variable. However, the small residuals between the magnitudes of 
the two comparison stars, which are only ~0.5 mag brighter, suggests that at least 
part of the spread is real, although we do not have a clear explanation for it. Given 
the scatter of our light curve around maximum light, we have not attempted to 
derive a new epoch from our data and have adopted the value published on the 
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GCVSt (i.e. 37705.608). We suspect that a typing error affects the value of the 
epoch published on the GCVS4 (i.e. 37705.68). In fact, if the latter is used the 
maximum light of BE Com is shifted backward to phase 0.75. The photographic 
light curve of BE Com has been published by Meinunger & Wenzel (1968). Given 
the very large scatter of their data, both shape and amplitude of their light curve 
are compatible with BE Com being a c-type pulsator. 

3.7 BS Comae 

The light curve is shown in Fig.3g and contains 97 points observed in 13 different 
nights from April 12 1990 through June 18 1994. The best resulting period is 
0.36296680 d and the amplitude is 0.7 mag. Smith (1990), on the basis of the 
hydrogen spectral type inferred from spectra of BS Com used in a AS analysis of 
the star, has reached the conclusion that BS Com is probably a c-type pulsator; 
however our light curve for the star is not symmetric. Moreover, the curve appears 
splitted in two branches with rather different magnitudes around the phase of 
maximum light. This split has no counterpart in the distribution of the magnitude 
residuals of the comparison stars and therefore we consider it real. Indeed, a 
note on the GCVS4 reports the shape of the light curve of BS Com to vary, and 
Kurochkin (1961) noticed that the strong variation in the light curve may be 
explained as due to Blazhko effect. Kurochkin light curve is very scattered, but 
its amplitude is in reasonably good agreement with ours. A detailed analysis of 
our data seems to suggest that the star is an a6-type variable affected by Blazhko 
with a periodicity of about 27-28 days. 

We have acquired one spectrum of BS Com at phase 0.72. Direct images of BS 
Com taken just before and after the spectrum exposure confirmed that the spectral 
observation was exactly located at minimum light. The spectrum has resolution 
of about 1.4 A and S/N ~ 20, and allowed us to derive a reliable measure of the 
calcium K-line equivalent width and to apply the method described by Clementini 
et al. (1991) and recently recalibrated by Clementini et al. (1994). In this way, 
we derive a very low metal abundance [Fe/H]~ —2.0. Smith's (1990) spectra of 
BS Com were taken at phases that, according to our ephemerides, correspond to 
0.90 and 0.63 respectively, and he derived from the latter, which is already at 
minimum light, a AS value of 8.2. This value also indicates that the variable is 
metal poor, and corresponds to [Fe/H]=— 1.67 if the metallicity scale by Clementini 
et al. (1994) is adopted. 

3.8 RS Bootis 
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This object is the only well studied one of our sample and will be described by 
Clementini et al. (1995) in a different context and with additional data. For our 
purposes, here it suffices to summarize the resulting features. RS Boo is an a6-type 
RR Lyrae (Spinrad 1959), with short period and affected by Blazhko effect with 
a secondary period of 537 days (Oosterhoff 1946, Szeidl 1976) or 533 days (Kanyo 
1980) and a minor variation of the secondary period with a periodicity of about 58 
+ 62 days (Kanyo 1980). We have obtained UBVRI photoelectric light curves and 
CORAVEL (Baranne et al. 1979, Mayor 1985) radial velocity curves of this star. 
From our data we have derived an amplitude in V of 1.16 mag, and confirmed the 
occurrence of the Blazhko (Clementini et al. 1995). Spectra taken at minimum 
light indicate (Clementini et al. 1991) that [Fe/H]=-0.10 or [Fe/H]=+0.14 if the 
new metallicity calibration of the Ca II K line equivalent width by Clementini et 
al. (1994) is adopted, placing it indeed among the most metal rich RR Lyraes. 
The Baade-Wesselink method has been applied to this star by Jones et al. (1988) 
and the derived visual absolute magnitude is My =0.98 mag. 

4. DISCUSSION AND CONCLUSIONS 

The results presented in the previous sections show that the sample of eight anoma- 
lous ab-type RR Lyraes selected by CMT on the basis of data collected from the 
1976 version of the GCVS suffer from several uncertainties. From our analysis we 
have found that: 

a) In general our derived V max magnitudes are brighter than those given by the 
GCVSt and GCVS4, but this difference can be simply due to the fact that these 
catalogues list the B or the photographic magnitudes which are generally 0.10 — 
0.30 mag fainter than the V magnitudes at the average colours of RR Lyraes. AT 
Com is the only exception being the m max value given from GCVS4 ~ 0.8 mag 
brighter that our V max . 

b) In six cases (AT Com, BE Com, BS Com, CY Com, DL Com and CM Leo) 
our amplitude is significantly smaller than that quoted in the GCVSt and GCVS4. 
Again, part of the difference can be due to the dependence of the amplitude on the 
observed band, the B-amplitude being usually larger (by 0.15 — 0.35 mag) than the 
V-amplitude. This, for instance, could account for the difference of about 0.25 mag 
found between the amplitude of the V light curve of DL Com and the amplitude 
of the m P g light curve derived by Kurochkin & Pochinok (1974), (see Section 3.4). 
But in general the differences are too large and should probably be ascribed on one 
side to the extreme difficulty in measuring with the older photographic techniques 
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the magnitude at minimum light of such faint objects, and on the other side to the 
peculiar variations in shape and amplitudes of the light curve that most of these 
variables exhibit. This problem is particularly relevant when we compare our data 
with those by Meinunger & Wenzel (1968). 

c) In at least three cases (AT Com, CU Com and CM Leo, with the possible 
addition of BE Com), the actual pulsation seems to be in the first harmonic rather 
than in the fundamental mode. The light curve of BE Com is fairly noisy and 
anomalous and we can ascribe to this reason the misclassification of the attributed 
pulsation type, but the other three appear as typical c-type RR Lyraes. It must be 
noted, however, that these stars also show anomalous variations of the amplitude 
of their c-type light curves. A detailed analysis of the anomalies in the pulsational 
properties of these variables and of their causes is beyond the purposes of the 
present paper. Here we only list and discuss briefly some plausible interpretations 
of these " anomalies" . 

The scatter and the variable amplitudes of the light curves of CM Leo, AT, 
CU, BE and BS Com could be due to the Blazhko effect: a long term (10-200 
days) periodic modulation of amplitude and/or shape of the light curve, which 
is superimposed to the main period variation and has been detected in roughly 
30% of the known RR Lyraes (Szeidl 1988). Indeed, Kurochkin (1961) reports BS 
Com as possibly affected by Blazhko, and our data seem to confirm this hypothesis 
suggesting a Blazhko periodicity of about 27-28 days. 

So far, only very few c-type RR Lyrae stars have been reported as affected 
by Blazhko (Szeidl 1976), and the actual occurrence of the phenomenon for c-type 
pulsators has not been definitely confirmed (see Smith et al. 1994). Szeidl (1988) 
pointed out that no RRc variable shows the long-term curve modulation of the 
classic Blazhko effect observed in the a6-type RR Lyraes and that probably RR C 
stars showing variations in the amplitude of their light curves are rather double- 
mode pulsators. Double-mode RR Lyraes (RRd) are variables that pulsate both 
in the fundamental and in the first harmonic mode with a beat period of about 
one day. These objects exhibit a very large scatter in their light curves caused by 
cycle-to-cycle amplitude changes. CM Leo, whose amplitude variations seem to 
occur on a time scale of about 1 day, could be a good candidate for double-mode 
pulsation. 

Finally, an alternative explanation of the light curve anomalies might be that 
some of these stars are eclipsing binaries misclassified as RR Lyrae stars. In his 
photometric study of 93 poorly studied variables fainter than the tenth magni- 
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tude and selected from the GCVS4, Schmidt (1991) found that about 7.5% of 
the studied variables are erroneously classified as RR Lyrae stars on the GCVS4. 
Schmidt's (1991) re-classification is based on the appearance of the observed light 
curves, together with the comparison of the V and R light curve amplitudes, and 
the use of the V vs V— R colour-magnitude diagram. The latter is suggested by 
Schmidt to be a very powerful tool to distinguish the intrinsic pulsational variabil- 
ity from the geometrical effect of binarity. We have multicolour photometry only 
for CU Com, and, as mentioned in Section 3.2, it suggests that CU Com is an RR 
Lyrae variable. For the remaining suspected c-type stars we only have photometry 
in the V band and therefore we cannot check the location of these stars on the 
colour-magnitude diagram. 

If the variability were produced by eclipses the supposed binary should be 
formed by a contact pair (because of the continuous variability of the light curve 
and the shortness of the period) and belong to the W UMa type. What we know 
on these systems and the morphology of the corresponding light curves is enough 
to make the hypothesis of binarity very unlikely. In Figure 4 we have plotted 
the data for CM Leo, AT and BE Com ( the variables with a more symmetric 
light curve) using a period double of that derived assuming them to be pulsating 
stars. In doing this we have followed Schmidt's (1991) remark that the "light 
curves of some eclipsing binary are difficult to distinguish from Bailey type c 
RR Lyraes if a period half the correct value has been assumed". The curves 
have been compared with a library of contact binary light-curves computed by 
one of us (CM, unpublished) by means of the last released 1994 version of the 
Wilson and Devinney light curve synthesis code (in original form in Wilson and 
Devinney 1971). All the light curves have too peaked maxima and too flat and 
slowly growing minima to be reasonably fitted by any acceptable combination of 
parameters (see the best fit solution obtained for BE Com shown in panel 4d). 
The peaked maxima imply an extreme degree of contact (contact with the outer 
lagrangian surface) which is never observed in real contact binaries. Moreover, in 
contact binary curves the ratio r of the phase interval from the maximum to half 
curve depth to that from half depth to the minimum is typically larger than 1, 
i.e. the decrease in magnitude is slow moving away from maximum, for it is not 
due to eclipse but only to the "proximity effects" (mainly gravity darkening and 
the Roche deformation of the surfaces). The value of r approaches unity only for 
deep contact and low value of the inclination, that however drastically decreases 
the minimum depth. 
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To conclude, in the hypothesis of binarity we can only get a low quality fit of 
the observed data, (see Fig. 4d), with a set of system parameters rather improbable 
for a contact binary configuration. Even if only on a morphological basis, we are 
therefore oriented to discard the hypothesis. 

The present data are not numerous enough, or sufficiently well distributed in 
time to allow us to undoubtedly assess the occurrence and, in case, to establish the 
periodicity of the Blazhko effect for our variables, or to distinguish between the 
Blazhko and double-mode pulsation. To explore the problem, further additional 
data in different colour bands and with appropriate time coverage are required. In 
particular, the identification of RR^ variables requires adequate phase coverage of 
the primary and secondary period of pulsation, while the identification of Blazhko 
objects requires the coverage of the Blazhko period that could be as long as 10-200 
days. In both cases we therefore need observations that span several hours on a 
given night and in a few subsequent nights, as well as in several months and/or 
years. To this purpose appropriate monitoring of these variables is planned in 
future observing runs at the 1.52m telescope. 

In any case, with the new data, we can reexamine the issue of possible metal 
rich variables at large distances from the disc raised by CMT. To this aim we have 
derived the minimum distance z of each object by assuming an absolute magnitude 
of M\/=0.6 at maximum light. This is not an accurate measure of the distance 
but is sufficient for our purposes. Note that the ranking of the distances from the 
plane coincides with that of the distances from the sun, because all the variables 
are located in the direction of the Galactic Pole. RS Boo is the closest variable 
with 2=0.65 and its high metallicity is consistent with the abundances usually 
found at that height. The distances of the other variables range from 2.22 kpc for 
BS Com to 9.46 kpc for BE Com. CY Com is the farthest a6-type variable with 
a distance of 5.37 kpc and its period of 0.758 d suggests that it is a normal halo 
metal poor star. DL Com is therefore the only case of certain a6-type variable 
with short period and located as far as 2.66 kpc and we cannot consider this single 
object as evidence for a significant metal rich population at large distances from 
the galactic plane. 
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FIGURE CAPTIONS 



Figure 1 : Finding charts for CM Leo, CU Com, CY Com, DL Com, AT Com, 
BE Com and BS Com, respectively. The variable stars are marked by dashes, the 
comparison stars by the identification names. Each chart shows a region of the 
sky of 10' x 10', north is up and east to the left. 

Figure 2 : Calibration curve for data taken with the RCA CCD. 

Figure 3 a,b,c,d,e,f,g : Light curves of CM Leo, CU, CY, DL, AT, BE and BS 
Com, respectively (upper panels). Bottom panels show the residual around the 
average magnitude difference between the two brighter comparison stars of each 
variable. 

Figure 4 a,b,c,d : Light curves of (a) CM Leo, (b) AT Com and (c) BE Com, 
using periods doubled with respect to the values given in Table 4. Panel 4d shows 
the best fit solution of an eclipsing binary model computed for BE Com. 
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Table 1. - Journal of observations 



Star 


RA2000 


DEC2000 


N. Observations 


Observed Interval 


CM Leo 


11 56 14 


21 15 32 


71 


9403-9494 


CU Com 


12 24 47 


22 24 29 


118 


7558-9472 


CY Com 

\_J A V_ \J Ill 


12 28 20 


24 57 19 


177 

1. 1 1 


75qq_q47i 


DL Com 


12 34 21 


16 08 25 


94 


9403-9522 


AT Com 


12 45 44 


18 12 11 


105 


8675-9473 


BE Com 


12 58 02 


19 51 34 


68 


7652-9509 


BS Com 


13 34 40 


24 16 39 


97 


9440-9522 


RS Boo 


14 33 33 


31 45 14 







a Observed Intervals are given as JD— 2,440,000. 



Table 2. - The comparison stars. 



Comparison star Ngsc RA2000 DEC2000 V 



CI (CM Leo) 


1277-1007 


11 


56 


00 


21 


21 


31 


12.53 


PI fPTT Pnml 


1 RfizL 1 947 


1 9 


94 


4Q 


99 


9^ 


1 4 




CI (CY Com) 


0011-0010 


12 


28 


21 


24 


55 


58 


14.79 


C3 (DL Com) 


1201-1026 


12 


34 


04 


16 


07 


27 


14.53 


CI (AT Com) 


2144-1839 


12 


45 


48 


18 


15 


00 


15.10: 


CI (BE Com) 


0159-0159 


12 


58 


05 


19 


52 


52 


15.17 


C2 (BS Com) 


0454-0454 


13 


34 


30 


24 


18 


56 


13.91 


BD +32 24 87 (RS Boo) 


0753-0607 


14 


32 


29 


31 


43 


30 


10.65 



- Data for the comparison star of RS Boo are from Clementini et al 1994a. 



Table 3. - The standard stars. 



Star 


V 


B-V 


84971 


8.636 


-0.159 


101 389 


9.962 


0.427 


101 324 


9.743 


1.157 


+5 2468 


9.348 


-0.116 


100340 


10.117 


-0.242 


103 462 


10.111 


0.564 


105 28 


8.345 


1.039 


105 663 


8.760 


0.342 


+2 2711 


10.367 


-0.162 


107 544 


9.037 


0.401 


107 347 


9.443 


1.296 


149382 


8.944 


-0.281 


108 702 


8.208 


0.559 


108 1491 


9.059 


0.965 


PG1633+099 


14.396 


-0.192 


PG1633+099A 


15.254 


0.876 


PG1633+099B 


12.966 


1.081 


PG1633+099C 


13.224 


1.133 



Table 4. - Derived quantities for the variable stars. 



Star 


Type 


Epoch 


Period 




"V max 


Period(GCVS4) 


A(GCVS4) 


nw(GCVS4) 


CM Leo 




49403 6122 


361479 


0.49 


13.47 


361732 


1.10 


13.80 


CU Com 


c 


49451 56667 


405749 


0.58 


13.02 


416091 


0.50 


13.10 


CY Com 


ab 


47632.52446 


0.757880 


0.70 


14.25 


0.757881 


1.10 


14.40 


DL Com 


ab 


49437.5242 


0.4320590 


1.26 


12.72 


0.4321025 


2.00 


12.90 


AT Com 


c 


48675.6303 


0.3444676 


0.62 


14.72 


0.344465 


1.60 


13.90 


BE Com 




37705.608 


0.414209 


0.58 


15.48 


0.41421 


0.90 


15.70 


BS Com 




49451.60664 


0.3629668 


0.70 


12.33 


0.36350 


1.20 


12.40 


RS Boo 


ab 


46948.7198 


0.3773397 


1.16 


9.64 


0.37733896 


1.15 


9.69 



- Epoch of RS Boo is from Jones et al. 1988, Period is from Clementini et al. 1994a. 

- Epoch of BE Com is from GCVS t , (see Section 3.6). 



Table 5a. V photometry for CM Leo. 



HJD-2440000 V HJD-2440000 <j> V HJD-2440000 <j> V 
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Table 5b. V photometry for CU Com. 



HJD-2440000 V HJD-2440000 <j> V HJD-2440000 <j> V 



7^8 

1 OOo 


KOAP 
.0/40 


n 
U. 


A KCi 
40U 


i q c;q 
lo.oy 


i oyo 


.ooy i 


n i qa 
u. iy4 


1 Q 
lo 


97 
.z / 


879^; 
1 ZO 


A fil 7 
.401 1 


u 


a c;8 

.40o 


1 Q 
lo. 


.00 


I OOo 


k;QQQ 

.ooyy 


n 

u. 


A 88 
.4oo 


i q fii 

lO.Ol 


7^08 

i oyo 


.oyoo 


n 90Q 

u.zuy 


1 Q 
lo 


9Q 

.zy 


879^; 
1 ZO 


AP.AA 
.4044 


n 
u 


.400 


1 Q 
lO. 


^A 
.04 


I OOo. 


,oozu 


n 
u. 


Olo 


i q fii 

lO.Ol 


7^08 

i oyo 


.DUZ4 


u.zzo 


1 Q 
lO 


Qfl 
.OU 


879^; 
1 ZO 


.4000 


n 
u 


AP.Q 

.4oy 


1 Q 
lO. 


K1 
OO 


I OOo 


.0 I OU 


n 

u. 


K&O 
.OoZ 


i q fin 

lO.OU 


7^08 

i oyo 


.DU I 4 


n 9Q8 
U.ZOo 


1 Q 
lO 


Q1 
.Ol 


879^; 
1 ZO 


.40 1 y 


n 
u 


/I7Q 
.4 1 O 


1 Q 
lO. 


KA 
.04 


7KK& 
1 OOo 


.ooyo 


u. 


fii n 

01U 


i fii 


7^Q8 

i oyo 


fil 98 
.DIZo 


n 9^1 

U.Z01 


1 Q 
lo 


QQ 
.00 


879c; 
1 ZO 


/ifiQc; 
.4oyo 


n 
U 


A 77 
.41 1 


1 Q 
lo. 


K1 
.00 


1 OOo 


fil /IQ 

.oi4y 


n 
u. 


fi7Q 
.0 1 O 


1 Q ^7 


i oyo. 


fi997 
.DZZ 1 


n 07K 

U.Z l 


1 Q 
lo 


Q^ 
.OO 


879^; 
1 ZO 


a 71 n 

.4 1 1U 


n 
U 


A 81 
.451 


1 Q 
lo. 


.00 


7KKQ 
1 OOo 


fi9/l 7 
.0Z4 1 


u. 


fiQ7 

oy i 


iq y 
io.04 


i oyo 


R9QQ 

.Dzyo 


n 9Q9 

u.zyz 


1 Q 
lo 


Q8 
.00 


879^; 
1 ZO. 


/179 c; 
.4 1 ZO 


U 


AHA 
,4o4 


1 Q 
lo. 


.00 


7KKQ 
1 OOo 


fi9an 

.OZoU 


n 
u. 


. 1 UO 


lo.Oo 


i oyo 


.DoOD 


n Q07 
U.oU I 


1 Q 
lo 


QQ 

.oy 


879^; 
1 ZO. 


A7AA 
.4 1 44 


U 


A 8Q 

.4oy 


1 Q 
lo. 


KA 

.04 


1 OOo 


fiQI Q 
• Oolo 


u. 


71 Q 
1 lo 


1 Q c;9 
lO.OZ 


i oyo 


.D4UZ 


n qio 
U.olo 


1 Q 
lo 


/in 

.4U 


879^; 
1 ZO. 


AGAK 
,4y40 


u 


c;qq 
.ooy 


1 Q 
lo. 


.00 


7^8 
i OOo 


fiQ/17 
.0o4 I 


u. 


799 
. I zz 


iq rn 
lo.OU 


7^Q8 

i oyo 


.044O 


O Q9Q 

u.ozy 


1 Q 
lo 


A 1 
.41 


879^ 
1 ZO. 


/IQ7Q 

.4y 1 


u 


KA K 
.040 


1 Q 
lo. 


K7 
.0 1 


I OOo 


.6566 


n 
u. 


77fi 


10.41 


7^Q8 

i oyo 


.0400 


n QQQ 

u.ooy 


1 Q 
lO 


AO 
.4Z 


879^ 
1 ZO 


/IQQ9 

,4yyz 


n 
u 


,OOU 


1 Q 
lO. 


,Oo 


7^8 
1 OOo 


.0014 


u. 


788 
. 1 OO 


1 Q 

lo.oy 


i oyo 


.DOol 


U.oOU 


1 Q 
lo 


A A 
.44 


879^; 
1 ZO. 


.OUU 1 


u 


KKA 
.004 


1 Q 
lo. 


K7 
.0 1 


7^8 

I OOo 


fifi^/i 

.0004 


n 
u. 


7Q8 
. I yo 


1 *?8 
lO.Oo 


7^Q8 

i oyo 


.DO I O 


n Qfii 

U.OOl 


1 Q 
lO 


AA 
.44 


879^; 
1 ZO. 


.ouzo 


n 
u 


.OOo 


1 Q 
lO. 


,Oo 


7KK& 
1 OOo 


fifiQI 

.Doy 1 


u. 


807 
oU 1 


1 Q Q7 
lo.O 1 


7^Q8 

i oyo 


.DD10 


n Q7i 
U.o 1 1 


1 Q 
lo 


AP. 
.40 


879c; 
1 ZO. 


c^n/19 

.0U4Z 


u 


KP.1 
.OOO 


1 Q 
lo. 


. Oo 


7^8 

I OOo 


fi797 


n 
u. 


81 ^ 

OlO 


1 O OK 
10.00 


7^Q8 

i oyo 


.DDDZ 


n Q89 
U.OoZ 


1 Q 
lO 


.40 


879^1 
1 ZO 


.ouoy 


n 
u 


OO 1 


1 Q 
lO. 


^17 
,0 1 


I OOo 


fi8^/t 
.0004 


n 
u. 


847 
.54 I 


LO.OO 


7^Q8 

i oyo 


K70Q 
.D I UO 


n QQQ 

u.oyo 


1 Q 
lO 


AP. 
.40 


879^ 
1 ZO 


.OUoU 


n 
u 


K70 
.0 1 z 


1 Q 
lO. 


, Oo 


7^8 
1 OOo 


fi8Q9 

.ooyz 


n 

u. 


QKP 
oOO 


1 Q QO 

lo.oU 


i oyo 


.0 1 40 


U.4Uo 


1 Q 
lo. 


/IS 
.4o 


879^; 
1 ZO 


.01U4 


u 


c;78 
.O10 


1 Q 
lo. 


PCi 
. OU 


7^8 
i OOo 


fiQ97 

.oyz i 


n 

u. 


oDO 


1 Q 98 

lo.Zo 


i oyo 


fi787 
,D/o/ 


n a i q 

U.41o 


1 Q 
lo 


/IQ 

.4y 


879^; 
1 ZO 


C11Q 

oiiy 


u 


c;89 
.OoZ 


1 Q 
lo. 


e;q 
oy 


i o»o 


/I9QQ 
.4/00 


n 
U. 


78/1 
. i o4 


1O.40 


i oyo 


fi8Q7 
.Doo 1 


n Aoa 

U.4Z0 


1 Q 
lo 


.OU 


879^ 
1 ZO 


c^l Q/l 
01o4 


n 
u 


.OoO 


1 Q 
lo. 


^7 
.0 1 


i 0»o 


/I987 
.4Zo 1 


n 
u. 


7Q7 
. It) 1 


1 Q /IQ 
10.40 


ooyo 


.ODZo 


n 9Q/I 

U.Zo4 


1 Q 
lo 


Q/l 
.04 


879^ 
1 ZO 


AO 


u 


^87 
.0o 1 


1 Q 
lo. 


oy 


i Oyo 


A Q88 
.4ooo 


n 

u. 


899 

,ozz 


1 Q Q7 
lo.O I 


ooyo 


.00 I Z 


n 9/1 

U.Z40 


1 Q 
lo. 


qc 
.OO 


QQ7fi 

yu 1 


.4yoo 


u 


ROB 
OUo 


1 Q 
lo. 


c;8 
.0o 


7^Q8 

i oyo 


/l/l or: 

.44(30 


n 


8/1fi 
O40 


lO.OZ 


ooyo 


.o i uy 


n 9^/1 

U.Z04 


1 Q 
lO 


Q/l 
.04 


Q07fi 

yu 1 


/1Q79 

,4y 1 z 


n 
u 


fil 9 
.OIZ 


1 Q 
lO. 


oy 


i oyo 


.40Z 1 


u. 


a^fi 
oOD 


1 Q 9Q 

lo.zy 


ooyo 


c;7/l Q 
.0 1 4o 


n 9R9 

u.zoz 


1 Q 
lo 


QR 
.OO 


QQ7fi 

yu 1 


/1Q87 
.4yo 1 


u 


fil P. 
.OlO 


1 Q 
lo. 


rq 

OU 


7^08 

i oyo 


.40 1 1 


n 

u. 


8fi7 
oO I 


1 Q 98 
lo.Zo 


8fiQfi 

ooyo 


^7fiQ 

.o i oy 


n 9fiQ 
u.zoy 


1 Q 
lO 


Qfi 
.OO 


yu 1 


.ouuu 


n 
u 


fil Q 

.oiy 


1 Q 
lO. 


oy 


i oyo 


/Ifil A 
.4014 


u. 


878 
OlO 


1 Q 97 
lo.Z 1 


oDyo 


. o i yo 


n 97c; 
U.Z 1 


1 Q 
lo 


qc; 

.00 


QQ7fi 

yu 1 


.0U10 


u 


R9Q 
.OZo 


1 Q 
lo. 


fin 

OU 


7^Q8 

i oyo 


APKQ 
.4D0y 


n 
u. 


88Q 

.ooy 


IQ OC 
lO.ZO 


ooyo 


^8Q7 
.OoO I 


n 98fi 

U.ZOO 


1 Q 
lO 


Qfi 
.OO 


Q07fi 

yu 1 


.ouzy 


n 
u 


.OZO 


1 Q 
lO. 


fin 

OU 


i oyo 


A 7dK 
.4 1 UO 


u. 


yuu 


1 Q 9Q 
lo.Zo 


ooyo 


.OoOO 


n 9QQ 

u.zyo 


1 Q 
lo 


Q7 
.0 1 


Q/i k;i 
y4oi 


Q979 
.oZ 1 Z 


u 


a 1 n 

.41U 


1 Q 
lo. 


AO 
,4Z 


i oyo 


/1 7K1 
.4 1 Oo 


u. 


Q1 9 

y iz 


1 Q 9Q 
lo.Zo 


ooyo 


.oyuo 


n Q09 
U.oUZ 


1 Q 
lo 


Q8 
.00 


Q/i c;i 
y40i 


.ooOU 


u 


A Q1 
,4ol 


1 Q 
lo. 


/IQ 
4o 


i oyo 


/I 807 
,4oU 1 


n 
u. 


Q9^ 

yzo 


1 Q 9Q 
lo.Zo 


oDyo 


.oyo i 


n Q9Q 
U.oZo 


1 Q 
lo 


Q8 
.00 


Q/i c;i 
y40i 


/I/I8Q 
,44oy 


u 


71 n 

. 1 1U 


1 Q 
lo. 


K1 
.00 


i oyo 


AQ70 
,4o 1 Z 


n 
u. 


Q/l 1 

y4i 


1 Q 91 
lo.Zl 


oDyo 


fini q 
.ouiy 


n qqi 

U.OOl 


1 Q 
lo 


QQ 

.oy 


Q/i c;i 
y40i 


/I c^71 
.40 1 1 


u 


7QO 
. 1 Oil 


1 Q 
lo. 


c;i 

.01 


i oyo. 


.ouuu 


n 

u. 


Q7Q 

y i o 


19 1« 
lO. ID 


ooyo 


.OU40 


n QQ7 
U.OO 1 


1 Q 
lo 


41 
,41 


Q/i c;i 
y4oi 


/1Q81 
.4yoi 


n 
u 


8Q1 
.oOl 


1 Q 
lO. 


97 
,Z 1 


7598 


.5066 


0, 


.989 


13.15 


8696 


.6072 


0.344 


13 


.42 


9451 


,5069 





.853 


13. 


,18 


7598. 


.5412 


0. 


.074 


13.19 


8696. 


.6100 


0.350 


13 


.41 


9451. 


,5580 





.979 


13. 


,03 


7598. 


.5486 


0. 


.093 


13.19 


8696. 


.6146 


0.362 


13 


.43 


9451 


,5667 





.000 


13, 


.02 


7598 


.5538 


0. 


.106 


13.20 


8696. 


.6174 


0.369 


13 


.43 


9451 


.5755 





,022 


13. 


.03 


7598 


.5583 


0, 


.117 


13.20 


8725. 


.4526 


0.435 


13 


.51 


9451 


,5843 





.043 


13, 


.04 


7598 


.5628 


0. 


.128 


13.21 


8725. 


.4550 


0.441 


13 


.50 


9472 


.5555 





.729 


13. 


,59 


7598. 


.5695 


0. 


.144 


13.23 


8725. 


.4565 


0.445 


13 


.51 


9472 


,5656 


0. 


.753 


13, 


,58 


7598. 


.5748 


0. 


.157 


13.24 


8725. 


.4579 


0.448 


13 


.51 














7598. 


.5842 


0. 


.181 


13.26 


8725. 


.4598 


0.453 


13 


.51 















Table 5c. V photometry for CY Com. 



HJD-2440000 V HJD-2440000 V HJD-2440000 c/> V 



/ oyy 


9 c: Oft 
.OOZD 


U. 


09 1 

zol 


1 /I K9 

14. Oo 


7ft K K 

/b55. 


5ooy 


o 
U. 


9ftn 
,ob(J 


1 A ftft 

14. bb 


Qft7/1 

ob/4. 


K1 07 

.51z / 


n 
U. 


Q70 

,o /Z 


1 A 71 

14. / 1 


7Knn 

/ oyy 


9ftnO 

.oOUo 


U. 


O A O 

.z4z 


i/i 

14.00 


7ft K K 

/b55. 


CQ01 

5oyi 


o 
U. 


9ft7 

ob / 


i /i ftft 
14. bb 


Oft7/1 

ob/4. 


K1 OO 

.51oz 


n 
U. 


o on 
,ooU 


1 /I ft K 

14. b5 


/ oyy 


9ftOft 
.OOOO 


n 
U. 


.zoz 


1 /I Kft 

14.ob 


7ft K K 

/b55. 


K A ftO 

54bz 


o 
U. 


9 7ft 

,6 to 


1 /I ftO 

14. bo 


Oft7/1 

ob/4. 


KOO A 

,5zz4 


n 
U. 


OOK 
.OOO 


1 /I KO 

14. 5o 


/ oyy 


9 7ft 9 
O / DO 


U. 


OftO 
.ZDZ 


1 A K7 

14.0 / 


7ft K K 

/b55. 


554U 


o 
U. 


907 

,oo / 


1 A ftft 

14. bb 


Oft7/1 

ob/4. 


KOftft 

.5zbb 


n 
U. 


om 
.oyl 


1 /I KO 

14. 5z 


/oyy 


9090 

.oooy 


n 
U. 


070 
.1(1 


1 A Eft 

14.ob 


7ft K K 

/b55. 


Kft90 

5boz 


o 

u. 


ono 

oyy 


i /i ftn 

14. by 


Oft7/1 

ob/4. 


K9n7 

.5oU / 


n 
U. 


onft 

,oyb 


i /i Kn 
14. 5U 


/oyy 


9H1 K 

.oyio 


U. 


ooo 
.zoz 


i /i ccn 

14. oy 


7ft K K 

/b55. 


KftOft 

5bob 


o 
U. 


a nft 
,4L)b 


1 /I 71 

14. / 1 


Oft7/1 

ob/4. 


K 9 A n 

.5o4y 


o 

u. 


nno 

yuz 


1/1 A 7 

14.4 / 


/oyy 


.oyyz 


O 
U. 


ono 

.zyz 


i /i ftn 
14. bl) 


7ft K K 

/b55. 


rnoi 

5o31 


o 
U. 


A O K 

,4z5 


1 /I 79 

14. / o 


Oft7/1 

ob/4. 


k a no 
.54Uo 


n 
U. 


nnn 

yuy 


1/1 /IK 

14.45 


/oyy 


/I M70 
.41) / Z 


n 
U. 


oUo 


i /i fti 
14. bl 


7ft K K 

/b55. 


.5oo5 


o 
U. 


A 90 

,4oz 


1 A 79 

14. / o 


Oft7/1 

ob/4. 


k a on 
.54zy 


n 
U. 


ni o 

yiz 


1/1 /I 7 

14.4 / 


7rnn 

/oyy 


/I 1 A 7 

.414 / 


o 
U. 


919 

olo 


1 /I ft9 

14. bo 


7ft K K 

/b55. 


.5y45 


o 

u. 


a A n 
,441) 


1 /I 79 
14. / 


Oft7/1 

ob/4. 


K A 70 

.54 /o 


n 
U. 


ni n 

yiy 


1/1 /IK 

14.45 


7rnn 

/oyy 


/i 9ftn 

.4ooy 


o 
U. 


9 A O 

,o4z 


1 /I ft7 

14. b / 


7ft K K 

/b55. 


ftnnn 
bUUU 


o 

u. 


A AO 

.44o 


1 /I 79 

14. / o 


Oft7/1 

ob/4. 


K K 1 O 

.551z 


o 
U. 


noo 

yzo 


1/1 A A 

14.44 


7rnn 

/oyy 


A A 70 

.44 /o 


o 
U. 


9 Kft 

,35b 


i /i ftn 

14. by 


7n /i o 

/y4o, 


/t oon 
4zzL) 


o 

u. 


O 1 7 

.ol / 


A A a A 

14. y4 


Oft7/1 

ob/4. 


K K K A 

.5554 


n 
U. 


non 

yzy 


i/i /ti 
14.41 


/oyy 


AKK A 

.4554 


U. 


9ftft 
ODD 


1 A ft7 

14. b / 


7n/i o 

/y4o, 


A 9 1 9 

.4olo 


o 

U. 


09n 
ooL) 


1 A OO 

14. yz 


Oft7/1 

ob/4. 


K KOO 

.55oz 


n 
U. 


noo 

,yoz 


i/i /in 
14. 4U 


/oyy 


a ft on 
.4boU 


O 
U. 


9 7ft 

O / D 


1 A ftO 

14. bo 


7n A o 

/y4o, 


/i one 

.4oy5 


o 

u. 


o a n 
,o4L) 


1 /I oo 

14. oy 


Oft7/1 

ob/4. 


Kft09 

.5bzo 


o 
U. 


noo 

.yoo 


1 A 90 

14. oo 


/oyy 


/i 7n k 
.4 /U5 


u. 


9 Oft 
OOD 


i /i 7n 
14. /L) 


7n /t o 

/y4o, 


/i /i 7n 

.44 /y 


o 
U 


OKI 

o51 


1/1 OK 

14. oo 


Oft7/1 

ob/4 


K ft K O 

.5b5o 


o 

u. 


n a o 

,y4z 


1 /t 9ft 

14.00 


/oyy 


/I 70 A 

.4 /o4 


o 

u. 


907 

oy / 


1 /I 71 

14. / 1 


7n A o 

/y4o, 


/t Kftft 

45bb 


o 
U. 


Oft9 

obo 


1 /I 70 

14. / y 


Oft7K 

ob / 5. 


A A ft O 

,44bo 


o 
U. 


i nK 
1U5 


i /i on 
14. oy 


7Knn 

/oyy 


/l O Kn 

.4ooy 


U. 


A C\1 

.41) / 


1 A 7K 

14. /o 


7n/i o 

/y4o. 


A ft /I ft 

,4b4b 


o 
U. 


Q7/I 

,o/4 


1 /I 70 

14. / Z 


Oft7K 

ob / 5. 


A K1 7 

.451 / 


n 
U. 


AAA 
111 


i /i 9n 

14. oy 


7Knn 

/oyy 


A H9 K 

.4yoo 


n 
U. 


A 1 7 

.41 / 


1 A 7K 

14. /o 


7n/i o 
/y4o. 


/i 79n 
.4 / ol) 


o 
U. 


O K 

,oo5 


i /i fti 
14. bl 


Oft7K 

ob / 5. 


A Kft K 

.45b5 


n 
U. 


110 

llo 


i/i /ii 
14.41 


/oyy 


.5U11 


o 
U. 


/f 07 

,4z / 


1 A 7/1 

14. / 4 


7n A o 

/y4o, 


r OO O 

.5L)oz 


o 

u. 


001 

yoi 


1/1 /I o 

14. 4z 


Oft7K 

ob / 5. 


A ft 1 A 

,4bl4 


o 
U. 


1 O A 

.1/4 


i/i /ii 
14.41 


7ft O O 
/boZ 


9 717 
.O / 1 / 


o 
U. 


7no 

. /yo 


i /i no 

14. yo 


7n A o 

/y4o. 


ri Ar 

,51b5 


o 

u. 


n a o 

,y4z 


1/1 9 O 

14. oo 


Oft7K 

ob / 5. 


A ft ft 9 

.4bbo 


o 

u. 


1 1 

lol 


A A A O 

14. 4z 


/bOZ 


909ft 
.OOOO 


O 
U, 


O 1 A 

,o!4 


i /i no 

14. yo 


7n A o 

/y4o. 


,5z44 


o 

u. 


nK9 

y5o 


1 /I 90 

14. oz 


oft7n 

ob /y. 


/I 1 Oft 

,41ob 


o 

u. 


O /1ft 

o4b 


1/1 ft K 

14. b5 


/boZ 


9H9 1 

.oyol 


U. 


007 

.oz / 


i /i no 
14. yz 


7n/i o 

/y4o, 


K90/1 

.5oz4 


o 
U. 


nft9 

ybo 


1 /I oo 

14. zy 


oft7n 

ob /y 


/I O/l 7 

,4z4 / 


U. 


9 K/1 
.004 


1 /I ft K 

14. b5 


7ft 9 O 
/bOZ 


a nnn 

.4uuy 


o 
U. 


O 9 7 
OO / 


1 /I Oft 

14. ob 


7n A o 

/y4o, 


k /t n /t 
54U4 


o 

u. 


n7/i 

,y /4 


1 /I 09 

14. zo 


oft7n 

ob /y 


/I O 1 ft 

.4olb 


o 

u. 


9ft9 

obo 


1 /I ft K 

14. b5 


7ft O O 
/DOZ 


.4uyi 


o 
U. 


O A Q 

.o4o 


1 A 09 

14. oo 


7n A o 

/y4o, 


K /1 o o 

.54oo 


o 
U. 


no k 

,yoo 


1 /I 07 

14. z / 


oft7n 

ob /y 


/i o 7n 
.40 /U 


o 

u. 


9 7n 

,o /U 


1/1 ft o 

14. bo 


7ft O O 
/DOZ 


/I 1 7K 

.41 /O 


o 
U. 


orn 

.ooy 


i /) on 
14. oL) 


7n A o 

/y4o, 


55bo 


o 
U. 


nn k 

,yy5 


1/1 OK 

14. z5 


oft7n 

ob /y 


/i a on 
.44oU 


o 

u. 


9 70 

,o /o 


1/1 ft o 

14. bo 


7ft 9 O 
/DOZ 


.4zoo 


n 
U. 


Qftn 

.ooy 


1 /I 7/1 

14. / 4 


7n/i q 
/y4o. 


5b5o 


o 
U. 


nnft 
UUb 


1 /I Oft 

14. zb 


oft7n 

ob /y 


/I /I 70 

.44 /o 


o 
U. 


90/1 

oo4 


i /i ftn 
14. by 


/DOZ 


/I 99M 

.4ooU 


n 
U. 


Q70 

.o /y 


i /i ft e 
14. bo 


7n/i o 

/y4o. 


K7/in 
.5 /4U 


o 
U. 


m o 
Ulo 


1 /I 07 

14. z / 


oftnft 
obyb 


O K A 

.oo54 


n 
U. 


799 
. / OO 


i /i nK 
14. y5 


/DOZ 


A A 1 7 

.441 / 


o 
U. 


.oyl 


1 /) pr /i 

14.54 


7n A o 

/y4o, 


r o OO 

.5ozU 


o 

u. 


no o 
.Uzo 


1 /I oo 

14. zo 


oftnft 

obyb 


onoi 

.oyzi 


o 
U. 


7/10 

. /4z 


i/i n /i 

14. y4 


/DOZ 


/t /I H7 

.44y / 


O 
U. 


yui 


A A A O 

14. 4o 


7nn9 

/yyo. 


9 KftO 

o5bo 


o 

u. 


i n7 
1U / 


1 /I 97 
14.0 / 


oftnft 

obyb 


on7o 

.oy / O 


n 
U. 


7/1 O 

. /4o 


i/i n /i 

14. y4 


7ft o o 
/DOZ 


A K 79 

.45 / o 


o 


ni i 

yii 


1/1 /t 7 

14.4 / 


7nn a 

/yy4. 


/t OOft 

4L)zb 


o 

u. 


A O 7 

.4o / 


1 /I 7ft 

14. /b 


oftnft 

obyb 


a nft k 
.4Ub5 


o 
U. 


7ft 1 

. /bl 


i /i nft 

14. yb 


7ft QO 
/DOZ 


/i n/i o 
.4y4z 


n 
U. 


nftn 

you 


1/191 

14. ol 


7nn/i 

/yy4, 


A 1 Ol 

41zl 


o 

u. 


5UU 


1 /I 77 

14. / / 


oftnft 
obyb 


/i i n7 
.41U / 


n 
U. 


7ftft 

. / bb 


i /i nft 
14. yb 


7ft 91 
/DOZ 


.oUzl 


U. 


H71 

y / 1 


i /i on 
14. zy 


/yy4, 


/I Ol o 

,4zlo 


o 
U. 


ri o 

51o 


1 /I 77 

14. / / 


oftnft 
obyb 


AAAQ 

,414o 


n 
U. 


770 
.III 


i /i nK 

14. y5 


7ft 9 O 
/DOZ 


rncn 

.oUoy 


u. 


n7n 

y /y 


1 /I 07 

14. z / 


7nn /i 

/yy4, 


/I 007 

.4zy / 


o 

u. 


K09 

5zo 


1 /I 77 

14. / / 


oftnft 

obyb 


ft O A K 

.bo45 


o 
U. 


nft i 
Ubl 


1 A 9/1 

14. 04 


7ft 9 O 
/DOZ 


K 1 ft A 

.Olo4 


o 

u, 


yoy 


1/1 O /I 

14. z4 


7nn a 

/yy4, 


/I O 7ft 

,4o /b 


o 

u. 


KO A 

5o4 


1 A 70 

14. /o 


oftnft 

obyb 


ft A 1 

,b4zl 


o 

u. 


n7i 
,U / 1 


1 /I 9 K 

14.00 


7ft 9 
/DOZ 


KO/I K 

.Oz4o 


U. 


(JUL) 


1 /I OK 

14. z5 


/yy4. 


/I A KA 

.4454 


o 
U. 


KA A 

.544 


1 A 77 

14. / / 


oftnft 
obyb 


ft/ift/i 
.b4b4 


n 
U. 


n77 
.U / / 


1 /I 9ft 

14.ob 


7ft 9 
/DOZ 


K90ft 
.OOZD 


n 
U, 


m i 
Ull 


1 A OK 

14. z5 


/yy4. 


A K9ft 

.4500 


o 
U. 


.555 


i /i 7n 

14. /y 


oftnft 
obyb 


ft Knft 
.b5Ub 


o 
U 


no9 
Uoo 


1 /I 9ft 

14.00 


7ft 9 O 
/DOZ 


K A on 

.54zU 


U. 


nno 

Uzo 


1 /I OK 

14. z5 


700/1 

/yy4. 


/I fti 

.4blo 


o 
U. 


Kft K 

5b5 


i /i 7n 

14. /y 


oftnft 
obyb 


ft Kftn 
.b5bU 


n 
U. 


nnn 

uyu 


1 A 97 

14.0 / 


7ft 9 O 
/DOZ 


k en /i 
.001)4 


o 


f\0 A 

Uo4 


1 /I oo 

14. zo 


7nn a 

/yy4. 


/I 70ft 

.4 /Ub 


o 

u. 


K 77 
.0 11 


i /i on 
14. oU 


oftnft 

obyb 


ftftOO 

.bbUy 


o 
U. 


nnft 

uyb 


i a on 

14. oy 


7ft 9 1 
/DOZ 


.55o4 


O 
U. 


L)4o 


i /i on 
14. zy 


7nn a 

/yy4. 


/I 70ft 

.4 / yb 


o 

u. 


k on 
.5oy 


i a on 
14. oU 


oftnft 

obyb 


ftft KO 

.bb5z 


o 

u. 


i no 
lUz 


i /i on 

14. oy 


7ft 9 O 
/DOZ 


Kftft/i 
.0004 


U. 


.1)00 


1 /I 90 

14. oz 


/yy4. 


/I COQ 

4ooo 


o 
U 


ftnn 
bUU 


1 /I QO 

14. oz 


oftnft 
obyb 


ftfton 
.bboy 


o 
U. 


i n7 
1U/ 


i /i /in 
14. 4U 


7ft 9 O 
/DOZ 


£7/1 9 

.0/40 


n 
U. 


nftft 

Udd 


1 A OA 

14. ol 


7nn a 

/yy4, 


/I 07ft 

.4y /b 


o 
U. 


ft 1 9 

blo 


A A QA 

14. ol 


oftnft 

obyb 


ft700 

.b / zo 


o 

u. 


1 1 o 

llz 


i/i /in 
14. 4U 


7ft £ £ 

/boo. 


9ft /I O 

,o04z 


o 
U. 


1 9ft 

lob 


1/1 /I A 

14.44 


700/1 

/yy4, 


KOft9 

5L)bo 


o 
U. 


ftO A 

,bz4 


1 A OO 

14. oz 


oftnft 
obyb 


ft77n 
.01 /U 


o 
U. 


1 1 o 

,llo 


i/i /ii 
14.41 


7ft K K 

/DOO. 


9 79 O 

o / oo 


o 
U. 


A Af\ 

i4y 


i/i /i ft 
14.4b 


7nn a 

/yy4, 


.5151) 


o 
U. 


ft9ft 

bob 


1 /I oo 

14. oz 


O 70 K 

o / z5. 


K O 1 K 

.5ol5 


o 
U 


i nn 

. iyu 


i/i /in 

14. 4y 


7ft K K 
/DOO 


noon 

.oozy 


n 
U. 


i fti 

Ibl 


1/1 /I 7 

14.4 / 


700/1 

/yy4. 


.5zoU 


o 
U. 


ft A ft 

b4b 


A A Q A 

14. o4 


070K 

o / z5 


KOftO 

.5obo 


n 
U. 


1 07 

iy / 


i /i Kn 
14. 5U 


7ft K K 
/DOO 


9ni n 
.oyll) 


n 
U. 


1 70 
.1 / Z 


1/1 A Q 

14. 4o 


/yy4. 


K91 /I 

5ol4 


o 
U. 


ft K7 

.b5 / 


1 A QA 

14. o4 


Q70K 

o / z5 


k a nn 
.54Uy 


o 
U. 


ono 
zUz 


i a Kn 
14. 5U 


7ft £ K 
/DOO 


9n7K 

.oy /o 


o 


i on 
loU 


1/1 /to 

14. 4o 


7nn a 

/yy4. 


K 900 

5oyz 


o 

u. 


ftft o 

bbo 


1 /I Oft 

14. ob 


070K 

o / z5 


K A K 1 

.5451 


o 

u. 


ono 
zUo 


i /i Kn 
14. 5U 


7ft £ K 

/DOO. 


.4Uo5 


o 
U. 


1 o o 

.loo 


A A AC\ 

14. 4y 


7nn a 

/yy4. 


r ^ 70 

.54 /U 


o 

u. 


ft 70 

.b /o 


1 /I 07 

14. o / 


O 70 K 

o / z5 


k A m 

.54yi 


n 
U. 


1 9 

zlo 


1/1 K 1 

14.51 


7ft £ K 

/DOO. 


a i no 

.4iuy 


o 
U. 


i no 

iyo 


i a /in 

14. 4y 


700 A 

/yy4. 


.55b5 


o 

u. 


ftnn 

byu 


i /i on 

14. oy 


O 7ft O 

o /bz. 


O O 70 
.OO / z 


0. 


.820 


i/i n /i 

14. y4 


7655 


.4208 


0. 


.211 


14.52 


7994. 


.5643 


0. 


.701 


14.89 


8762. 


.3918 


0. 


,826 


14.93 


7655 


.4267 


0. 


.219 


14.53 


7994. 


.5732 


0. 


.712 


14.91 


8762. 


.3960 


0, 


.832 


14.91 


7655 


.4630 


0. 


.267 


14.55 


7994. 


.5818 


0, 


.724 


14.90 


8762. 


.4005 


0.838 


14.90 


7655 


.4709 

A o ^ IT 


0. 

f \ 


,277 

. W \ 1 


14.57 


7995. 


,3636 


0. 

/ 1 


.755 

>—rr> r> 


14.94 

-1 A r\ r* 


9436. 

/I 1 1 w- 


.4613 

A f-rr\ 1-1 


0.241 


14.50 



7655.5060 0.323 14.62 

7655.5119 0.331 14.62 

7655.5177 0.339 14.62 

7655.5243 0.348 14.64 



8674.4891 0.841 14.86 

8674.4988 0.854 14.82 

8674.5030 0.859 14.78 

8674.5078 0.866 14.76 



9436.5804 0.398 14.67 

9436.6460 0.484 14.74 

9442.4602 0.156 14.42 

9471.4730 0.438 14.69 



Table 5d. V photometry for DL Com. 
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Table 5e. V photometry for AT Com. 
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Table 5f. V photometry for BE Com. 
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Table 5g. V photometry for BS Com. 
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